Although the metabolism of many bacterial species has been studied intensively, adequate knowledge of the metabolic activity of pathogenic organisms, including Brucella, is lacking. The (1941). Solutions of all substrates were adjusted to pH 7.4 before use. The incubation temperature for all the experiments was 37 C. Anaerobic incubations were done in evacuated Thunberg tubes. Amino acids were determined quantitatively by filter paper partition chromatography using a phenol-water solvent system (Housewright and Thorne, 1950) .
Although the metabolism of many bacterial species has been studied intensively, adequate knowledge of the metabolic activity of pathogenic organisms, including Brucella, is lacking. The biochemistry d physiology of Bruce>a recently have been summarized by Hoyer (1950) . Goodlow et al. (1950) have demonstrated a direct correlation between alanine production and the establishment of nonsmooth variants in originally smooth populations of Brucella spp. This finding has led to a study of the mechanism by which alanine is synthesized in Brucella. The elucidation of these metabolic processes is of considerable importance in relation to population phenomena involving changes in colony type, antigen production, and loss of virulence.
MATERI AND METHODS
A smooth culture of Brucella abortus, strain 19, was employed exclusively in this study. Stock cultures were maintained on tryptose agar fortified with 10 g dextrose, 10 mg FeSO4, and 0.1 mg thiamine HCl per liter and adjusted to pH 7.0 to 7.4.
All experiments were performed on cells that were grown for 48 hours at 37 C on Albimi Brucella agar, harvested, washed with and resuspended in 0.1 M phosphate buffer, pH 7.4. Total nitrogen of the suspensions was determined by the (semimicro) method of Johnson (1941) . Solutions of all substrates were adjusted to pH 7.4 before use. The incubation temperature for all the experiments was 37 C. Anaerobic incubations were done in evacuated Thunberg tubes. Amino acids were determined quantitatively by filter paper partition chromatography using a phenol-water solvent system (Housewright and Thorne, 1950 Several attempts to demonstrate direct amination failed when the suspensions were shaken at 37 C. A study of the relationship of aeration to alanine production showed that neither transamination nor direct amination could be demonstrated under conditions of vigorous aeration (table 3) . Both glutamic acid and pyruvic acid are rapidly oxidized. In addition, aerated suspensions of B. abortus were able to oxidize 1 mg of DL-alanine per ml within 18 to 24 hours, substantiating the work of Gerhardt (1949) . (Cole and Braun, 1950) . It also appears that manganous ion is capable of antagonizing the suppressive effect of pyrophosphate ion. However, these ions were found to have no detectable effect on the production of alanine by transamination ( conditions. Permeability and other factors involved are unknown and prevent any further interpretation of these data.
The relation of degree of aeration to L-Asparagine alone can give rise to alanine. When both L-asparagine and a-ketoglutarate are used as substrates, large amounts of glutamic acid, aspartic acid, and alanine are formed. A system containing L-asparagine and a-ketoglutaric acid seems to be more favorable for alanine production than a system containing a-ketoglutaric acid and an equivalent amount of nitrogen as Laspartic acid plus either ammonium sulfate or ammonium chloride. The total amount of primary amino nitrogen recovered as ninhydrin positive material was equal, within probable experimental error, to the primary amino nitrogen added regardless of the amount of nitrogen present as amide or as ammonium ion. A catalytic amount of a-ketoglutarate does not serve as a "sparker" to initiate the synthetic mechanism. In addition, the production of alanine from L-asparagine is unaffected by manganous or pyrophosphate ions. The data supporting these conclusions are given in table 5. It may be seen from this table that there is present an active aspartic-glutamic transaminase as well as the glutamic-alanine transamination system. The failures of another investigator (Gerhardt, 1949) to detect aspartic-glutamic transaminase in this organism may stem from the vigorous oxygenation of the test suspensions. Under such conditions, a-ketoglutarate would probably be removed by oxidation at such a rate as to prevent its participation in transamination.
The sequence of appearance of amino acids during alanine synthesis was determined in a system containing L-asparagine and a-ketoglutaric acid. The initial reactions of (1) hydrolysis of asparagine to aspartic acid and (2) Since transamination mechanisms were demonstrated, it was of interest to determine the oxidation of proven intermediates of the tricarboxylic acid cycle to a-ketoglutaric acid, and the oxidation of C4 compounds to pyruvate. A two step procedure was adopted for an investigation of this point. As a first step, the cell suspension was incubated with the particular compound involved (initial substrate) for 18 to 24 hours under conditions of vigorous aeration (shaking machine). Arsenite ion was added to prevent further oxidation of any a-keto compounds formed. After initial incubation the suspension was filtered through sintered glas.s to remove the bacteria. L-Asparagine (secondary substrate) was added to the filtrate and dissolved. This solution was then added to freshly grown B. abortus cells and diluted to 10 ml with M/10 phosphate buffer, pH 7.4. This suspension was incubated anaerobically for 24 to 48 hours. Therefore, any a-ketoglutaric acid or pyruvic acid that might have been formed from oxidation of primary substrates would participate in transamination or direct amination and would appear as glutamic acid or alanine, respectively. Control experiments showed that arsenite produces no inhibition of glutamic acid synthesis and only 30 per cent inhibition of alanine formation from L-asparagine and a-ketoglutaric acid. 
DIISCUSSION
The presence of highly efficient transamination systems suggests that they comprise an important synthetic mechanism in Brucella abortus, strain 19. It appears that one route of alanine synthesis proceeds via two transamination steps. An over-all picture of the process of alanine synthesis from L-asparagine and a-ketoglutarate seems to be as follows: (1) hydrolysis of L-asparagine to aspartic acid, (2) transamination between aspartate and a-ketoglutarate to produce glutamate and oxalacetate, (3) formation of pyruvate from oxalacetate, presumably by the loss of C02, and (4) transamination between glutamate and pyruvate to produce alanine. The relative importance of transamination and of reductive amination in synthesis of alanine under normal growth conditions remains undetermined.
The anaerobic conditions of growth and of the resting cell suspension experiments severely limit both the oxidative activity of the cells and the generation of a-ketoglutarate. The study of Still et al. (1950) alanine production by these ions was observed under the specific experimental conditions described.
SUMABRY
Smooth Brucella abortus, strain 19, possesses both aspartic-glutamic and glutamic-alanine transaminases. In resting cell suspensions alanine is synthesized from simple substrates both by transamination mechanisms and by direct or reductive amination. The relationship of the degree of aeration to alanine synthesis has been described. The effectiveness of various substrates for production of alanine is recorded and discussed, and a mechanism for synthesis of this amino acid from simple substrates is proposed.
By means of an enzymatic inhibitor, arsenite ion, this organism has been shown to possess the necessary enzymes for oxidation of tricarboxylic acid intermediates of the Krebs' cycle. Other evidence has been presented to illustrate that carbohydrate utilization proceeds via pathways established in other cells.
